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Abscess formation in nude mice after subcutaneous 
inoculation of Staphylococcus aureus (S. aureus) was 
more extensive and prolonged as compared with that in 
phenotypically normallittermates. Abscess formation in 
nude mice was augmented markedly by whole-body ir-
radiation. Not only T cell-mediated immunity but also 
radiosensitive, nonimmune phagocytosis appear to con-
tribute to the resistance against staphylococcal infec-
tion. 
Most of studies on the resistance against staphylococcal 
infection have been concerned with nonspecific phagocytosis by 
leukocytes and the contribution of humoral immunity to phag-
ocytosis [1,2). Recently, however, cellular immunity expressed 
as delayed hypersensitivity was reported to occur in experimen-
tal animals [3-7] and human subjects [8] after infection with 
Staphylococci. Bactericidal activity of macrophages may be 
enhanced in the presence of delayed hypersensitivity [3,4). 
Nevertheless, information as to cellular immunity appears to 
be not sufficient to obtain any conclusion on its contribution to 
the resistance in qualitative and quantitative terms. 
The present study was undertaken to estimate the degree of 
contribution of T cell-mediated immunity to the protection 
against staphylococcal infection manifested as pyoderma! le-
sions by the use of athymic nude mice, of which the most 
prominent defect proved to be the inability to develop cellular 
immunity. Furthermore, the development of pyodermallesions 
was observed in nude mice exposed to whole-body irradiation 
in order to estimate the contribution of radiosensitive, nonim-
mune phagocytosis to the resistance against such infection. 
MATERIALS AND METHODS 
Animals 
Male nude mice (nu/ nu) of BALB/c background were purchased 
from NIHON CLEA Co., Ltd., Osaka, Japan and used for experiments 
at 6 to 8 weeks of age. Phenotypically normallittermates (nu/ +) served 
as controls. They were maintained in a clean, air-conditioned room. 
Mouse cages, bedding, drinking water, diet and other equipments were 
sterilized in an autoclave. Twenty nude mice and 14 littermates were 
provided for this study. Half of each group were exposed to 600 R of 
whole-body irradiation delivered from a Telecobalt Unit (Shimadzu 
RTGS-2) 7 days before inoculation of S. aureus. An interval of 7 days 
was chosen since the numbers and functions of polymorphonuclear 
cells and macrophages were severely decreased after such an interval 
as indicated by the results in preliminary experiments. In a preliminary 
experiment, 2 of 10 nude mice exposed to 600 R died after 3 and 5 days, 
but remaining nude mice and all of littermates survived for a long 
period of time after irradiation. 
Microorgun.ism 
S. aureu.s isolated from a patient with furunculosis was employed. 
T he characteristics of this strain were as follows: coagulase +, mannitol 
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-, DNase + and hemolysis of a type. The bacteria were cultured in a 
meat infusion broth (distilled water 100 ml, meat extract obtained from 
beef 5 gm, NaCl5 gm and NaHC03 0.5 gm) at 37°C for 24 hr, centrifuged 
at 3000 rpm for 30 min and resuspended in saline. Bacterial suspensions 
were adjusted to a dose comparable to 1.7 x 107 colony-forming 
units/ ml after estimation with a spectrophotometer at 580 nm (Hita-
chi). 
Procedures for Experimental Infection 
Each mouse was inoculated subcutaneously with 0.1 ml of bacterial 
suspension into the back and the infected site was examined macro-
scopically 1, 2, 3, 5, 7, 10, 14, 21 and 27 days later. The degrees of 
pyoderma were expressed as pyoderma! index.: 
. L (Dd) Pyoderma! mdex = ---
n 
where "D" and "d" represent the largest and smallest diameters (mm) 
of pyoderma! lesions and "n" represents the number of mice in each 
group. Skin specimens were taken from the lesions at 1, 3 and 7 days, 
fixed in 10% neutral formalin, embedded in paraffin. Sections were 
stained with hematoxylin-eosin for histological examination. 
RESULTS 
Time course study on t he development of subcutaneous 
abscess was shown in the Table and Fig 1. In nonirradiated 
littermates, the degrees of subcutaneous abscess and intracu-
taneous inflammation were maximum at 3 days after bacterial 
inoculation. The lesions regressed thereafter to cure by 7 days 
in 6 of 7 mice. Nonirradiated nude mice showed a more exten-
sive and prolonged infection as compared to that in nonirra-
diated littermates, but exhibited a tendency to cure. Generally, 
the improvement of their lesions took 2 or 3 weeks and none of 
them died of staphylococcal infection. The abscess in irradiated 
littermates was larger than that in nonirradiated mice and did 
not show a tendency to cure. Fom of 7 of these irradiated 
littermates died within 7 days after bacterial inoculation and 
others survived beyond 27 days. Development of subcutaneous 
abscess and hemorrhage around the lesions were the most 
extensive in irradiated nude mice. The lesions spread rapidly 
from the first day of infection and all of the mice died within 5 
days. The inoculated staphylococci could be isolated from their 
skin and viscera. 
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The lesions formed by 3 days after inoculation of S. a.ureus 
were compared among 4 groups. Ulcerated, wide-spread pyod-
erma! lesions with purulent material were present in irradiated 
nude mice (Fig 2a). Abscesses in nonirradiated littermates were 
more localized (Fig 2d) when compared to the diffuse and 
superficial distribution of abscesses in nonirradiated nude mice 
(Fig 2b) and irradiated littermates (Fig 2c). 
Abscess formation was confirmed histologically 1, 3 and 7 
days after bacterial inoculation. The lesions appeared to be the 
result of bacterial multiplication as indicated by the presence 
of large numbers of Gram-positive bacteria in the histological 
sections. No particular difference was detected between nude 
mice and littermates, except that an extensive intradermal 
hemorrhage was detected only in irradiated nude mice. 
DISCUSSION 
Athymic nude mice have been used as hosts deprived of T 
cell-functions in a variety of experiments [9-11]. Increased 
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Pyoderma[ index and the numbers of dead mice aft er inoculation of 
S. aureus into irradiated or nonirradiated nude mice and 
litten nates 
'Nude' mice (BALB/c- nu/ nu) Litlermates (n u/ +) 
Days afte r 
inoculation Radiation " 
of S. aureus + + 
l 20.6 (3/ JO) " 7.1 (0/]0) 12. 1 (0/ 7) 2.9 (0/ 7) 
2 18.7 (5/ 10) 8. 1 (0/ 10) 12.7 (2/ 7) 3.4 (0/ 7) 
3 23.0 (5/10) 8.4 (0/ lO) 10.6 (3/7) 3.6 (0/ 7) 
5 - (10/ 10) 7.9 (0/ 10) l0.6 (3 / 7) 4.3 (0/ 7) 
- (l0/ 10) 8. 1 (0/ 10) 12.3 (4 / 7) 3.6 (0/ 7) 
10 - (10/10) 6.7 (0/]0) 10.5 (4 / 7) 2.0 (0/7 ) 
14 - (10/ 10) 6. l (0/ 10) 10.0 (4 /7) 1.0 (0/ 7) 
21 - (10/ 10) 4. 1 (0/ 10) 8.5 (5/ 7) Cured (0/7) 
27 - (10/ 10) 2.9 (0/ 10) 8.5 (6/7) Cured (0/ 7) 
" Exposed to 600 R of whole body irradia tion 7 days before inoculation of S. 
aureus. 
" Nu mbers in the parenthesis indicate the nu mber of dead mice per total 
number of infected mice. 
10 ?0 
tlny:~ nft.cr· inocuJ.r~t.! on o f f. . ILU f" ( 'U!; 
F IG l. The progress of subcutaneous abscess after inoculation of d 
aureus in to irradiated or non-irradiated nude mice and littermates. 
· · · · · · · Irradiated nude mice. -- Noni.rradiated nude mice. 
------- Irradiated littermates. - - - Nonirradiated littermates. 
susceptibilities of nude mice to experimental infections were 
reported with respect to Listeria monocytogenes [12,13], My-
cobacterium bovis (BCG) [14,15], B abesia microti and Plas-
modium berghei yoelii [16] and Candida albicans [17]. Such 
increased susceptibili ties have been ascribed to the deficiency 
of T cell-dependent cellular immunity, since the fun ctions of 
macrophages in nude mice appear to be comparable to those in 
normal li ttermates or rather enhanced, when judged by bacte-
ricidal activities against Brucella abortus [18], Listeria mono-
cytogenes [18] and Streptococcus pneumoniae [19] or by tu-
moricidal activity + 20]. We have confirmed normal or enhanced 
functions of macrophages in nude mice were confir med by in 
vitro test for bactericidal activity against E scherichia coli in 
preliminary experiments. An increased susceptibility to staph-
ylococcal infection in nude mice may be attributable also to the 
deficiency of T cell-media ted immune responses, especially of 
cellular immunity. Activation of macrophages mediated by 
cellula r immunity may be responsible for enhanced resistance 
in the presence ofT cells, although the contribution of enhanced 
production of opsonizing antibody was not ruled out defini tely. 
A fulminating course of infection was not observed in nonir-
radiated nude mice which lacked T -cells but had normal or 
enhanced functions of phagocytes. Therefore, a fulminating 
course of staphylococcal infection observed in irradiated nude 
mice may be ascribed to depression of phagocyte fun ctions. 
Polymorphonuclear cells have been well known to be suscepti-
ble to X-irradiation. Circulating monocytes as an immature 
form of macrophage series have been reported to be radiosen-
Vol. 70, N o. 6 
FIG 2. Macroscopic findings of subcutaneous abscess at 3 days after 
inoculation of S . aureus. a, Wide-spread abscess accompanied by cu-
taneous hemorrhage in an inadiated nude mouse. b, Abscess in a 
nonirradiated nude mouse. c, Abscess in an irradiated littermate. d, 
Localized subcutaneous abscess in a nonirradiated littermate. 
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sitive [21], although fixed macrophages as a mature form are 
radioresistant [22]. The remarkably enhanced development of 
subcutaneous abscess in irradiated nude mice may be attribut-
able to the deficiency in functions of polymorphonuclear cells 
or circulating monocytes, although the exposme to 600 R de-
presses also the function of B lymphocytes. Abrogation of the 
remnant ofT cell functions may be ruled out as the mechanism 
of a fulminating infection, since cellular immunity against BCG, 
listeria monocytogenes, Candida albicans or S. aureus could 
not be detected by in vivo and in vitro tests for delayed 
hypersensitivity in nonin-adiated nude mice [23,24]. 
Development of abscess was enhanced strikingly by X-irra-
diation also in littermates and their abscess did not show a 
tendency to cme. In contrast to the finding of irradiated nude 
mice, however, a fulminating course of infection was not ob-
served in such irradiated littermates. Radioresistant cellular 
elements may be activated in the presence ofT cell functions 
before irradiation. 
T cell-mediated immunity and phagocytosis by radiosensitive 
cells appear to contribute to the resistance to S. aureus, al-
though the degree of the contribution of the former may be less 
than that of the latter. 
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